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SIM4ARY 


The  synthesis  of  a number  of  acids,  alcohols  derived  by 
reduction,  and  the  acetates  of  these  alcohols  is  described. 
Physical  properties  and  yields  are  tabulated. 

The  rates  of  alkaline  hydrolysis  of  these  acetates  at 
20°  and  30°  in  aqueous  dioxane  have  been  measured  and  calcula- 
tions of  rate  constants  and  thermodynamic  properties  have  been 


made 


ALKALINE  HYDROLYSIS  OF  ACETATES  OF 
HIGHLY  BRANCHED  ALCOHOLS 

INTRODUCTION 

The  over-all  objective  of  the  York  herein  reported  la  to 
accumulate  quantitative  data  on  the  saponification  of  a large 
number  of  primary,  secondary,  and  tertiary  acetates.  These 
data  vill  be  used  In  a study  of  sterlc  effects  of  various 
alkyl  groups  In  alkaline  hydrolysis.  It  Is  hoped  that  eventu- 
ally these  data  vill  be  useful  In  predicting  the  alkyl  ester  to 
be  used  In  many  different  reactions  vhere  bifunctional  compounds, 
one  function  of  which  Is  the  ester  function,  are  Involved. 

EXPERIMENTAL 

A.  SYNTHESIS  OF  ACIDS 

Five  different  methods  were  used  for  the  preparation  of 
the  carboxylic  acids  or  their  esters.  These  methods  are  out- 
lined belov. 

1.  Carboxylatlon  of  the  Grlgnard  reagent: 

R - x — &L*  R - Mg  x RCOOH 

HgO 
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2.  Alky kat ion  of  Malcnic  or  Cyanoacetic  Ester*: 


COOEt  COOEt 

/ l.R*x  y 3 .Hydrolysis 

CHg  RfRl,c  4 .Decarboxylation  > rir^bcoor 

\ \ 

COOEt  NaOEt  COOEt 


3.  Alkylation  of  Nitriles  (Ziegler  Method): 


CgFijCHgCH  or  CB^CN 


excess  CgHftBi 
ether,  NaN^ 


1 -Ey-lrolys  in  ,75^280^ 


(C£H5)3 


CCOOH 


Alkaline  Rearrangement  of  a-2aloketones 
(Favoraki  Reaction): 


0 

jA.61 

O * 


COOR 

O' 


3xCH-CBC-CHo  WaOR  > CHo-ifi  j 
a / ether 


<*3  ch3 

CH  -CHCOOR 


CSo 
/ * 

CE2 — CH-C-CH3 


NaCIO 


/CH2 

CHg-CH-COOH 
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B.  REDUCTION  07  ACIDS 
AND  ESTERS 

The  use  of  LiAUH^  as  a reducing  reagent  for  converting  car- 
boxylic acids  and  esters  into  the  corresponding  primary  alcohols 
has  been  found  highly  satisfactory. 

C.  FORMATION  OF  ACETATES 

The  primary  alcohols  were  easily  acetylated  either  by 
(1)  acetyl  chloride  or  (2)  acetic  anhydride  in  presence  of  dry 
pyridine,  affording  v&ry  good  yields,  depending  on  effectiveness 
of  Isolation  methods  of  the  product  used.  The  data  are  summar- 
ised In  Table  I.  The  physical  properties  arc  listed  In  Table  II. 

The  secondary  and  tertiary  alcohols  vs  re  acetylated  by 
acetyl  chloride  and  magnesium  metal  in  dry  ether  as  follows: 

(See  Table  III). 

2R,R,R"«C-0H  + 2CH3C0C1  + Mg  * B,RTR,,,C-0C0CH3  + MgCl2  + ]fe 

D.  RATES  OF  SAPONIFICATION 

The  rate  of  hydrolysis  of  the  acetates  vlth  0.01  N sodium 
hydroxide,  using  water  or  aqueous  dloxane  as  solvents,  was 
followed  titrime  trie  ally  at  20*C  and  30*C.  The  rate  constants  are 
given  In  Table  IV.  The  thermodynamic  data  In  Table  IV  were  cal- 
culated using  the  equations  listed  below. 


o 


E.  CALCULATION  OF 

ARRHENIUS  PARAMETERS 


(l)  AE*  ■ 2.303  x R x ^ .:...T2  . log  (Energy  of  activation) 

T2  " T1  *1 


(?)  log  P2 


log  k + 


AE* 

2.303 *RT 


B 


(3)  AS*  ■ 2.303  xr/b  ■ log  52^  (entropy  of  activation  for 

v all  degrees  of  freedom) 


vhlch  are  derived  from  the  transition  state  theory  of  reaction 
velocity: 


k - 


RT 

a? 


-as*/r 

e 


e 


-“*/et 


or 


log  k 


log  52  + 
Nh 


AS* 

2.303  R 


AE* 

£.$0$  RT 


vhere  R/N  and  h are  the  Boltzman  and  Planck  constants,  res- 
pectively, and  AS*  is  the  entropy  of  activation  for  all 
degrees  of  freedom. 

Equation  (2)  Is  used  for  calculating  B(»  log  PZ)  at  each 
temperature;  average  B Is  used  In  equation  (3).  In  equation 
(3)  the  average  temperature  Is  used  as  T - 298. 

F.  INFRARED  SPECTRA 

Spectra  were  recorded  between  5000  and  625  cm'1  with  a Baird 
Infrared  Recording  Spectrophotometer,  Model  B.  All  liquids  were 


€ 
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measured  In  a sandwich- type  sodium  chloride  cell.  See  data  In 
Table  II. 


DISCUSSION  OF  RESULTS 

As  stated  before,  one  of  the  prime  purposes  of  this  study  la 
to  obtain  a quantitative  measure  of  sterlc  hindrance  towards  the 
alkaline  hydrolysis  of  alkyl  acetates.  In  order  to  rule  out  polar 
effects  as  much  as  possible,  comparisons  of  relative  rates  will  be 
made  only  within  the  members  of  the  same  class  of  esters.  *^hat  Is, 
the  rates  of  primary  alkyl  esters  will  form  one  class,  the  rates  of 
secondary  esters  another,  and  the  rates  of  tertiary  esters  still 
another.  It  Is  hoped  that  a knowledge  of  the  magnitude  of  the 
sterlc  factors  Involved  will  prove  useful  In  determining  that 
ester  of  an  acid  to  be  used  in  certain  reactions  Involving  bi- 
functional compounds  one  function  of  which  Is  the  ester  function. 

There  are  certain  cases  described  in  the  literature  In  which 
the  use  of  t-butyl  esters  Is  preferable  to  that  of  ethyl  esters. 
However,  the  preparation  of  t-butyl  esters  Is  often  quite  tedious. 
It  would  be  helpful  to  know  what  primary  and  secondary  alcohols 
might  be  expected  to  show  the  same  degree  of  hindrance.  The  com- 
pletion of  our  work  on  the  alkaline  saponification  of  primary 
alkyl  acetates  allows  this  to  be  done,  as  will  be  shown  below. 

The  rates  for  alkaline  hydrolysis  of  methyl,  ethyl.  Isopropyl, 
and  t-butyl  acetates  are  7«84>  4.57,  1.26,  and  0.08l  respectively, 


O 


6 


using  the  earns  units  as  those  indicated  in  Table  17.  Thus  we  see 
that  compounds  3 and  9 saponify  slightly  more  slowly  than 
t-butylaoetate  even  though  primary  Alkyl  groups  are  involved. 

All  of  the  other  primary  alcohol  esters  listed  in  Table  XV  sapon- 
ify non  slowly  than  methyl  and  ethyl  acetate  and  hence  one  has  a 
nice  selection  of  primary  alkyl  groups  having  larger  sterlc 
requirements  than  ethyl.  It  remains  for  much  future  work  to  show 
how  valuable  this  information  may  prove  to  be  in  the  selection  of 
the  proper  ester  groups  in  various  cases. 
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xThis  result  Is  being  cheeked 
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